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Why Put Beam i n t o  the  AGS that you\.Can't G e t  Out? 

(A suggestion f o r  a pre-Linac r f  chopper) 

The AGS acce lera t ion  cycle begins with a capture process i n  which 

t h e  essent ia l ly-cont inuous  in j ec t ed  beam i s  captured i n t o  phase-stable 

r f  buckets. This process has been optimized over t he  years by t a i l o r -  

ing the  B and. r f  voltage programs such # t h a t  75% t o  80% of the  in j ec t ed  

beam %is  captured and accelerated.  

. 

This note concerns t h e  remaining 20% t o  25% t h a t  lis inevi tab ly  

l o s t  within the  machine and cont r ibu tes  s i g n i f i c a n t l y  t o  the r ad ia t ion  

dose developed there.  It is  possible t o  reject t h i s  pa r t  of the  beam 

even before the  Mnac by use of an r f  chopper synchronized with the  AGS 

r f  system. An r f  chopper can prepare bunches with ad jus tab le  width and 

phasing, on a nanosecond time.scale, t h a t  are s u i t a b l e  f o r  d i r e c t  in- 

j e c t i o n  i n t o  s t a b l e . r f  buckets i n  the  AGS o r ,  eventually,  i n to  t h e  

booster. A t  present,  such a device could, i n  p r inc ip l e ,  be implemented 

t o  act on the.750 keV beam from the  Cockcroft-Walton, but i t  would 

r equ i r e  l a rge  voltages and a long beam 1 ine . in se r t ion . l eng th .  

i n s t a l l a t i o n  of t h e  new RE'Q, however, t h e  opportunity e x i s t s  t o  chop 

the.beam at  35 keV energy before the  RFQ, 

cm i n s e r t i o n  length ,  located between the. two focusing solenoids and 

driven by one switch tube at 500 v o l t s  could kick the  beam by approxi- 

mately 50.mrad. 

needed' t o  extinguish t h e  beam. . The beam ve loc i ty  i s  low, however (2.6 

mm/ns), .and so to .  get  adequate rise t i m e ,  a series of 20 mm length  

p l a t e s  would be f i r e d  sequent ia l ly  i n  a t r ave l ing  wave fashion. The 

fixed beam energy means t h a t  t he  delay between" successive p l a t e s  can be 

r ea l i zed  simply by a length  of coaxial  cable (approximately 2 m). 

With the  

A device of approximately 50 

This i s  more than a f a c t o r  of 3 above t h e  minimum 

The e f f e c t  on t h e  emittance of t h e  beam i s  always a concern when 

p u t t i n g . a c t i v e  devices i n  the  beam path. But by choosing the p o l a r i t y  

of . the  chopper appropriately,  it can be arranged t h a t  the  high voltage 

rejects t h e  beamsand when the  desired beam i s  passed, t h e  vol tage  i s  

switched of f .  Thus, t he  chopper represents zero aberation. 



“*--e* t ‘* 
- 2 -  

The low voltage requirement implies that the device would be 

driven by a d.c. coupled switch’tube and no resonant.components would 
be necessary. 

adjusting the‘.pulse width and spacing. In fact, on one hand. it would be 
straightforward.to modify the pulse width 0n.a pulse-to-pulse basis to. 

accommodate the changing size ofsthe.rf bucket due to non-zero B. 
the other hand, the .beam’ could..be stopped indefinitely .under fault 

conditions, thus serving to replace the existing chopper. 

This means a great deal of flexibility is! possible in 

. 
On 

This note is intended to introduce the concept of an rf chopper 
 and^ to explain its utility. A treatment of the detailed technical 
design will. be the subject) of a future‘ proposal. 

Besides the.primary purpose of eliminating thelradiation caused by 
capture losses in the AGS, an rf chopper would have several other 
features. 
nated, the rf program is simplified.‘. As’soon as injection is complete, 
the bootstrap rf control is operative and the radial loop can track the 
magnet program. .I 

Since.the capturer stage of the acceleration cycle is elimi- 

Diagnostics at injection,would be facilitated by the time struc- 
ture already present on the beam. 
able.to see the first turn of injected beam in normal operation. For 

special studies experiments, the time structure can be manipulated to 

highlight4*particular phenomena. Inter- versus intra-bunch instabili- 
ties could be easily.isolated by accelerating only one bunchior every 
other bunch. 

Standard,PUE electronics would be 

The boundaries of the stable rf bucket could be directly mapped, 
out by varying the profilesof the pulse width program. 

bucket would be‘operationally defined by just what area in phase space 
could be filled with no losses. 

The area of the 



An a t t r a c t i v e  f ea tu re  of an r f  chopper i s  t h e  a b i l i t y  t o  produce 

bunch-to-bunch i n t e n s i t y  modulation by e f f e c t i v e l y  changing the  injec- 

t i o n  pulse length f o r  each bunch. Used i n  conjunction with t h e  s ing le  

bunchtextraction capab i l i t y ,  t h i s  - f ea tu re  would allow d i f f e r e n t  users  

t o  be supplied with d i f f e r e n t  bintensity beams within the  same cycle.* 

One may be inc l ined  t o  ask, i f .  a chopper is  usefu l ,  would not a 

buncher be.more u s e f u l * i n  t h a t  it captures a l a r g e r  f r a c t i o n  of the  

average beam. The answer i s  t h a t  the.advantages are, i f  any, marginal. 

Any buncher could, at very b e s t ,  capture 90% of the  d.c. beam. Since 

the.AGS captures 75% t o  80% of the beam, a chopper would only waste 

20%-25%. 

added complexity of building a buncher at 2.5 MHz. Furthermore, recall 

t h a t  the,RFQ has a capture e f f i c i ency  approaching loo%,  wh i l e . t he  

ex i s t ing  two 200 MHz cavities rout ine ly  capture only 75% of the  beam. 

In other words, f o r  t h e  same source output,  t he  sameLaverage i n t e n s i t y  

The marginal improvement of 20% does not j u s t i f y  the  grea t  

could be , in jec ted  i n t o  t h e  AGS, but 100% of it could. be accelerated.  

As a few f i n a l  remarks, I would ' l ike  t o  point out t h a t  now t h e :  

timing i s  i d e a l  f o r  implementing t h i s  device because with the i n s t a l l a -  

t i o n  of t he  new RFQ, t he  e n t i r e  LEBT area must be redesigned. More- 

over, t h e  performance of t h e  e x i s t i n g  low frequency chopper leaves much 

t o  be desired and. should'be replaced with a new design i n  any case. 

Also, t h e  polarized proton source has no chopper ava i l ab le  presently. 

Whereas r ad ia t ion  l eve l s  are not a concern a t  present polarized proton.. 

i n t e n s i t i e s  (hopefully i n  .the f u t u r e  t h i s  w i l l .  not be the  case), t he  

diagnostic f ea tu res  and f a u l t .  p ro tec t ion  i n t e r r u p t  capab i l i t y  would 

j u s t i f y  the  construction of a second rf chopper t o  be i n s t a l l e d  i n  

f r o n t  of t he  polarized source RFQ. v 

*A similar device f o r  .heavy ions would be extremely usefu l  f o r  those 

experiments requiring very,low i n t e n s i t y ,  by< allowing. an in t ense  

"p i lo t "  bunch t o  c lose  t h e  machine's feedback loops and ,guide eleven 

weak bunches through t h e  acce lera t ion  cycle. e 



Some Linac beam users  have expressed a requirement f o r . s i n g l e  

m-xo-bunch capabi l i ty .  

f u l f i l l  this requirement using a d.c. coupled beam switch ( t h e , r f  chop- 

per) and a s i n e  wave def lec tor .  

beam l i n e  between the  RFQ and Linac t o  complete this system i s  a very 

economical way t o  achieve t h i s  uniquebcapability of t h e . l i n a c  beam. 

An inexpensive system has been proposedl t o  

Adding a s ine  wave de f l ec to r  i n  the  
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